ABSTTRACT: The quality of seedling is critical to obtain vigorous plants in the field. The present study aimed to assess biomasses and biometric relations of soursop seedlings. We used different substrates in protected environments. The experiment was performed at the Universidade Estadual do Mato Grosso do Sul (UFMS) (State University of Mato Grosso do Sul). Five farming environments were developed in greenhouses: one covered with low-density polyethylene film (LDPE), another with with polyethylene and heat-reflective cloth under film under 50% shading in aluminized color, monofilament cloth under 50% shading in black, thermo-reflective cloth under 50% shading in aluminized color, and an environment covered with bacuri coconut straw. Substrates were made of manure, humus, cassava branches and vermiculite at different proportions. Each of them varying from 25%, 33.3%, 50% and 75% in mixture combination. Each environme nt was considered an experiment. A completely randomized design was adopted and later a joint analysis of them. Agricultural greenhouse covered with LDPE and thermo-reflective cloths under 50% of shading, proportionated seedlings with greater biomass. Substrates containing manure are the most suitable for soursop seedlings. High percentages of earthworm humus produce low quality soursop seedlings. Soursop seedlings had a Dickson's quality index around 0.335. The greenhouse covered only with LDPE film did not produce high quality seedlings.
INTRODUCTION
Annonaceae family includes approximately 75 genera and 600 species. The most economically important genera are Anonna and Rollinia. Soursop (Annona muricata L.) spreads along tropical and subtropical areas. It is originally from Central America and North of South America (BRAGA SOBRINHO, 2014) . These fruits are designated for consume in natura and for agroindustry (COSTA et al., 2005) .
According to COSTA et al. (2005) , the increased demand for soursop has driven the expansion of new cultivated areas. It determines the need for technological studies in all productive segments (OLIVEIRA et al., 2009) . Quality of seedlings is an important factor within the production phases. It influences the settlement of orchards, and intervene in production costs, survival, development and production (BARBOSA et al., 2003) .
In this context, high quality seedling production requires alternative elements for substrate composition that meet the requirements of soursop seedlings (OKUMURA et al., 2008) . According to LIMA et al. (2009) and OKUMURA et al. (2008) , nutritional balance of substrates is critical for development of soursop seedlings.
Chemical properties (organic matter, macro and micronutrients, carbon/nitrogen ratio, pH and electrical conductivity) and physical properties (macro, micro and total porosity, density and water retention) can be dramatically changed depending on the concentration and the element used in substrate (GUERRINI & TRIGUEIRO, 2004) . NEGREIROS et al. (2004) affirm that soursop rootstock respond positively on substrates made from cattle manure, soil, sand and vermiculite (2:1:1:1 v/v). It happens because of better balance of the chemical and physical characteristics of the substrate.
Another important requirement in seedling formation are configuration variations of growing environments. According to GUISELINI et al. (2010) , protected environments can promote increased production and health of plants, allowing production in the off-season. COSTA et al. (2011a) , however, reveal that the different materials used in environments may change biometric characteristics of seedlings. COSTA et al. (2010) show that the indoor environment with light diffuser polyethylene film promoted greater height, shoot and root dry mass. Compared with environments covered with monofilament film and aluminized cloth, COSTA et al. (2009) found that black cloth 50% shading showed larger passion fruit seedlings than the plastic greenhouse did. observed larger Baru trees with higher biomass in greenhouses with black cloth on the roof and on the sides. They were compared to greenhouses with aluminized cloth on the roof and black cloth on the side. The last one did not show results as great as the first o ne. In jatoba, seedlings grown under shade of 0.30 and 50% were observed higher levels of chlorophyll in plants at 30% and less photosynthesis at 0% shading (PIEREZAN et al., 2012) . Greenhouse covered with low-density polyethylene and nursery with black shade cloth formed the best genipap seedlings, compared to the nursery covered with buriti straw (SASSAQUI et al., 2013) .
Given the above, this study aimed to evaluate the effect of protected environments and substrates on biomass, as well as biometric relations of soursop seedlings.
MATERIAL AND METHODS
Soursop seedlings (Annona muricata L.) were formed in a nursery located at the Universidade Estadual do Mato Grosso do Sul (UEMS) (State University of Matro Grosso do Sul), campus in Aquiduana (altitude of 174 m, 20º 20' S latitude and 55º 48' W longitude). The area lies on the interface area between Cerrado and Pantanal biomes. The experiment was carried between January and April of 2012. The climate is sub-humid, tropical and warm, with rainy seasons in summer and dry seasons in winter. Rainfall of 1.200 mm and average annual temperature of 29º C. The seedlings were grown under different shading conditions: (A1) a greenhouse on galvanized structure, with ridge zenithal opening, covered with low-density polyethylene film (LDPE) of 50 µm that is also light diffuser; with frontal and side locks of monofilament black film under 50% shading, with arched ceiling format, having width of 8.0 m and length of 18.00 m, with ceiling height of 4.00 m; (A2) a greenhouse on galvanized structure, with ridge zenithal opening, covered with low-density polyethylene film (LDPE) of 15 µm and light diffuser; with front and side locks with monofilament black cloth under 50% shading, with arched ceiling format, having width of 8.0 m and length of 18.00 m, with ceiling height of 4.00 m, containing below the LDPE a heatreflective cloth under 50% shading; (A3) roof farm nursery on galvanized structure with dimensions of 8.0 m wide, 18.00 m long and 3.50 m ceilings, covered, front and side closures in 45º angle, monofilament black cloth in 50% shading (Sombrite®); (A4) agricultural nursery on galvanized structure with dimensions of 8.0 m wide, 18.00 m long and 3.50 m ceilings, covered, front and side closures in 45º angle of heat-reflecting cloth on aluminized color, 50% shading (Aluminet®) and (A5) wooden structure nursery farm with dimensions of 3.00 m long, 1.20 m wide and 1.80 ceilings, covered with palm straw native in the area, popularly known as bacuri, side and front had no locks.
Soursop seeds were collected from trees in areas of Aquidauana city, State of Mato Grosso do Sul (MS), in November and December. We pulped the fruits and the seeds were separated. They were washed in water and dried in the shade for three days. To break dormancy, seeds were immersed in water at 25 ºC for 24 hours.
The branches of cassava were crushed in hammer mill (brand TRAPP, FRR 650 model) using 8 mm sieves. Later the sieves were placed in the open on canvas for composting during 60 days. They were wet daily and crimped every two days. After this procedure, we determined the geometric average particle diameter of 1.81 mm and 50.76% of particles were retained on a 2.0 mm sieve. We used commercial vermiculite of medium texture. The manure obtained in the region of Aquidauana city, MS State, was composted for 30 days. The earthworm humus was obtained from the company based in the city of Dois Irmãos do Buriti, MS State.
Sowing was held on January 6, 2012 in polyethylene bags, in which were placed three seeds per container at a depth of 2 cm. Forty-two days after sowing (DAS) we performed the thinning when seedlings presented two definitive leaves, leaving one plant per container.
Seeds were planted in polyethylene bags (15.0 x 21.5 cm) with 1.6 L capacity a nd filled with different substrates obtained from mixtures: earthworm humus (H), bovine manure (M), vermiculite (V) and cassava branches (C), as described in Table 1 , and their respective chemical analysis ( Table  2 ) and densities of substrates (Table 3) . * Solanalise, Laboratory of soil analysis in Cascavel, Paraná State, Brazil. OM = organic matter; RH = % humidity at 65º C; M = manure; H = earthworm humus; C = cassava branches; C/N = carbon and nitrogen ratio. 02 -*Hd = Humid density; Dd = Dry density **S1 = 25% H + 75% V; S2 = 50% H + 50% V; S3 = 75% H + 25% V; S4 = 25% H + 75% C; S5 = 50% H + 50% C; S6 = 75% H + 25% C ; S7 = 25% M + 75% V; S8 = 50% M + 50% V; S9 = 75% M + 25% V; S10 = 25% M + 75% C; S11 = 50% M + 50% C; S12 = 75% M + 25% C; S13 = 33.3% H + 33.3% M + 33.3% V; S14 = 33.3% H + 33.3% M + 33.3% C; S15 = 25% H + 25% M + 25% V + 25% C.
Because there is no repetition of cultivation environments, each one was considered an experiment. In each environment, a completely randomized design was adopted with six repetitions of five seedlings each. Initially, data were submitted to analysis of individual variance of the substrate. Then performing the evaluation of the medium squares of residues and joint analysis of experiments (BANZATTO & KRONKA, 2013) . We used the statistical program Sisvar 5.3 (FERREIRA, 2011) , and the averages referred to the F test and compared by Scott-Knott test at 5% probability.
At 100 DAS were measured plant height (PH) and stem diameter (SD), shoot and root dry matter (SDM and RDM, respectively) and percentage of survival (S%). The masses were measured in an analytical balance after being dried in a greenhouse with forced air circulation, at the average temperature of 65º C until a consistent mass is obtained.
From the SDM and RDM, we obtained weight total dry matter (TDM). We determined height/ stem diameter ratio (H/ D), shoot/ root dry matter ratio (S/Rdm) and Dickson's quality index (DQI).
Temperature values of the dry-bulb and the wet-bulb were daily measured at 9 a.m., 12 a.m., 3 p.m. in each cultivation environment in trial implementation period. Later we determined relative humidity by means of software Psychrometric Function Demo (Table 4) . TABLE 4. Temperature (º C) and average relative humidity (%) at 9 a.m., 12 a.m., 3 p.m. for each environment (E), during the experiment. Aquidauana, from 01/07 to 04/13/2012. * DBT = dry-bulb temperature (º C); WBT = wet-bulb temperature (º C); RH = relative humidity (%); (E1) greenhouse covered with low-density polyethylene film (LDPE); (E2) greenhouse covered with low-density polyethylene film and thermo-reflective cloth under 50% film shading in aluminized color; (E3) greenhouse monofilament cloth 50% shading in black color; (E4) cloth greenhouse heat-reflecting 50% shading in aluminized color; (E5) environment covered with bacuri coconut straw.
RESULTS AND DISCUSSION
To proceed with the joint analysis of experiments and comparison of cultivation environments, the division between the highest and the lowest average square of residues from individual variance analysis (substrates) within the enviro nments cannot exceed the approximate ratio of 7:1 (BANZATTO & KRONKA, 2013) . In this study, the relations between average residue squares were lower than 7:1, which allows the implementation of joint analysis of the experiments and comparisons of environments (table 5) . According to T test (table 5) , we observed interaction between environments and substrates for all variables. Thus, we turned out interest to the developments and the responses of interactions.
For the SDM variable, in general, the substrates containing humus in their composition (S1 to S6) provided lower accumulation of SDM (Table 6 ). According to chemical analysis of organic materials (Table 2) , humus showed higher levels of zinc, iron and other nutrients compared to manure and cassava branches. According to SILVA & FARNEZI (2009) , zinc in high concentrations can cause toxicity or nutritional imbalance in soursop seedlings. MARQUES & NASCIMENTO (2014) point out high concentration of Zn can cause plants restriction of shoot and root growth. S7 and S10 substrates with high proportion of vermiculite and cassava branc hes (75%) also caused lower SDM in all environments, since these materials have low availability of seedling nutrition. 5% probability; ** (E1) a greenhouse covered with low-density polyethylene film (LDPE); (E2) covered agricultural greenhouse and LDPE thermo-reflective cloth and 50% shading film in aluminized color; (E3) greenhouse monofilament cloth 50% shading in black color; (E4) cloth greenhouse heat-reflecting 50% shading in aluminized color; (E5) environment covered in bacuri coconut straw. S1 = 25% H + 75% V; S2 = 50% H + 50% V; S3 = 75% H + 25% V; S4 = 25% H + 75% C; S5 = 50% H + 50% C; S6 = 75% H + 25% C; S7 = 25% M + 75% V; S8 = 50% M + 50% V; S9 = 75% M + 25% V; S10 = 25% M + 75% C; S11 = 50% M + 50% C; S12 = 75% M + 25% C; S13 = 33.3% H + 33.3% M + 33.3% V; S14 = 33.3% H + 33.3% M + 33.3% C; S15 = 25% H + 25% M + 25% V + 25% C.
In general, high concentration of cassava raw substrate in S4, S5 and S10 may have interfered in low accumulation of SDM of plants. Because branches showed higher pH (7.2) (Table 2), and they did not provide nutrients for plants. PAIVA SOBRINHO et al. (2010) had higher biomass production for mangabeira in substrate containing lower pH (6.9). The values of nutrients of cassava branches available in Table 2 did not mean that they were available to seedlings. Because the average diameter of this material particles was 1.81 mm. This means the material was not completely mineralized.
According to BARBOSA et al. (2003) , potassium, calcium, magnesium, copper, iron and zinc are proportional to mass accumulation of dry matter of shoot (SDM). That is, the more SDM increases, the more these nutrients accumulate. According to the authors, the nitrogen absorption is relatively constant up to 150 days after transplanting.
Among cultivation environments, seedlings grown in a greenhouse with thermo-reflective cloth (E2) showed higher SDM than seedlings propagated in a greenhouse without heat-reflective cloth (E1) ( Table 6 ). Because the cloth in the film led to lower temperatures and higher relative humidity (Table 2 ). This means better environmental conditions for development of soursop.
Possibly environmental settings in E2 environment, zenithal opening and 150-µm polyethylene film coverage associated with heat-reflecting cloth under 50% shading film, reduced solar radiation transmitted into the environment. Especially in higher intensity periods favoring SDM (COSTA et al., 2011a) . According to GUISELINI et al. (2010) , environment with low-density polyethylene diffuser film associated with thermo-reflective shade cloth enhances the attenuation of solar radiation inside environments.
Overall, environments E3, E4 and E5, all with shade cloth, had higher SDM than environment E1, which was covered only with low-density polyethylene film. Possibly the greatest attenuation of light in these environments allow better environmental conditions to plants and promote more growth, with greater accumulation of SDM.
For RDM variable, the substrates S3, S5 and S6 provided plants with low RDM (Table 6) . Analyzing Table 3 , we see that substrates S3 (500.6 kg.m -3 ), S5 (502.1 kg.m -3 ) and S6 (648.2 kg.m -3 ) presented high density, probably caused by high content of earthworm content (75%, 50% e 75% respectively). According to ZORZETO et al. (2014) substrates with low porosity, that is, higher density must be used with caution. Because it brings problems allied to high water retention capacity and lack of oxygen for root development, for the movement of water and for drainage. Humus, besides having high contents of Zn and Fe, can ca use reduction of substrate aeration capacity, once macropore ratio also decreases and, consequently, RDM reduces. GUERRINI & TRIGUEIRO (2004) found higher density and smaller column of macropores on substrates with high doses of biosolid.
Substrates with vermiculite (S1, S2, S7, S8 e S9) caused increase of RDM in all environments (Table 6 ). Vermiculite may have favored chemical and physical conditions, as this mineral (clay type 2:1) is characterized by promoting greater exchange of cations and lower density of substrate. It happens as lower density allows greater radicular development with better nutrient absorption available with less restriction.
Analyzing biomass of soursop seedlings (RDM) by comparing the cultivation environments, we observe the largest accumulations of biomass in plants grown in E2 environment. For S2, S3, S4, S5 e S15 substrates, root biomass of plants in E2 environment did not differ from the ones in E4 environment (Table 6 ). Both environments (E2 and E4) had the heat-reflecting cloth that was very important for root development of soursop seedlings. Especially in the environment where the cloth was associated with polyethylene (E2). Overall, seedlings in environment covered only with polyethylene film (E1) and the ones in environment covered with straw (E5) showed low accumulation of RDM. Conditions of both environments (E1 and E5) were less favorable to the soursop development. Because in E5 environment, that did not have lateral cloth, plants were exposed to direct winds; and in environment E1, that had no shading cloth with the film, temperatures were more elevated and attenuation of solar radiation was smaller. It reflects lower root biomass accumulation.
Positive effects of greater biomass accumulation (SDM and RDM) verified in E2 environment are similar to the ones found by COSTA et al. (2011c) for passion fruit crops. In these crops, the environment with thermo-reflector cloth and polyethylene film provided higher biomass value when compared to environment with monofilament cloth (50% of shading). observed results that are different from the present study. They verified great biomass of Baru tree in nursery with dark cloth in the cover and in the lateral. This result was better than the one with nursery using aluminized cloth covering and dark cloth in the lateral.
In TDM, substrates formulated with humus and vermiculite (S1, S2 and S3) resulted in plants with lower accumulation of total biomass (Table 7) . Humus had great contents of Zn and Fe, besides other elements (Table 2 ). They could be causing phytotoxicity to soursop seedlings and, as consequence, providing lower biomass accumulation (Table 7) .
Subtracts containing manure provided seedlings with high accumulation of total biomass (Table 7) , and it is in accordance with NEGREIROS et al. (2004) . They showed that, in general, for soursop seedlings, substrates containing manure provided the best seedlings, including biomass accumulation and root system formation.
Analyzing environments inside substrates, plants cultivated in E2 environment were among the ones that accumulated the highest TDM in all substrates (Table 7) . The seedlings produced in A1 environment, however, showed lower absolute values of TDM. As previously reported, E2 environment promoted better environmental conditions than E1 environment, as well as greater accumulation of total biomass in soursop seedlings. Forty-five days after transplanting, equivalent to 105 days after the emergence, BARBOSA et al. (2003) verified in soursop seedlings the total biomass of 1.10 g. These results are inferior to the ones obtained in the best substrates and cultivation environments, 100 days after sowing, in the present study.
For variable survival percentage (S %), substrates containing 75% of earthworm humus (S3 and S6) promoted inferior results in all the environments (Table 7) . These results can be related to two factors: high density of both substrates (Table 3) causing lower development capacity of roots and root aeration (GUERRINI & TRIGUEIRO, 2004) and high zinc content in earthworm humus (Table 2 ) providing toxicity and nutritional imbalance (SILVA & FARNEZI, 2009 ).
E1 environment was the one that presented the lowest percentage of survival (Table 7) . As observed in other varieties, this environment also presented the worst results; therefore, it is not favorable for soursop seedling formation. probability; ** (E1) a greenhouse covered with low-density polyethylene film (LDPE); (E2) greenhouse covered with LDPE and thermo-reflective cloth and 50% shading film in aluminized color; (E3) greenhouse monofilament cloth 50% shading in aluminized color; (E5) environment covered with bacuri coconut straw; S1 = 25% H + 75% V; S2 = 50% H + 50% V; S3 = 75% H + 25% V; S4 = 25% H + 75% C; S5 = 50% H + 50% C; S6 = 75% H + 25% C; S7 = 25% M + 75% V; S8 = 50% M + 50% V; S9 = 75% M + 25% V; S10 = 25% M + 75% C; S11 = 50% M + 50% C; S12 = 75% M + 25% C; S13 = 33.3% H + 33.3% M + 33.3% V; S14 = 33.3% H + 33.3% M + 33.3% C; S15 = 25% H + 25% M + 25% V + 25% C.
For the relation height of shoot/stem diameter (H/ D), the substrates with combination of manure and vermiculite (S7, S8 and S9) provided plants with greater H/ D inside all environments (Table 8 ). The lower the results obtained for H/ D, the better the seedling quality. Since seedlings with greater H/ D may indicate the beginning of etiolation. We did not find, however, etiolated seedlings in these substrates. probability; ** (E1) a greenhouse covered with low-density polyethylene film (LDPE); (E2) greenhouse covered with LDPE thermoreflective cloth under 50% shading film in aluminized color; (E3) greenhouse with monofilament black cloth under 50% shading; (E4) greenhouse with heat-reflecting black cloth under 50% shading in aluminized color; (E5) environment covered with bacuri coconut straw. S1 = 25% H + 75% V; S2 = 50% H + 50% V; S3 = 75% H + 25% V; S4 = 25% H + 75% C ; S5 = 50% H + 50% C; S6 = 75% H + 25% C; S7 = 25% M + 75% V; S8 = 50% M + 50% V; S9 = 75% M + 25% V; S10 = 25% M + 75% C; S11 = 50% M + 50% C; S12 = 75% M + 25% C; S13 = 33.3% H + 33.3% M + 33.3% V; S14 = 33.3% H + 33.3% M + 33.3% C; S15 = 25% H + 25% M + 25% V + 25% C.
Overall, A3 environment showed the greatest H/ D, it does not differ from other environments for other substrates. The shading of this environment, provided by black cloth under 50% shading, presented height growth of soursop seedlings that was not followed by the stretching and thickness of stem. Seedlings produced in A3 environment, however, may promote the bedding plant when transplanted in the field.
For ratio between dry matter mass of shoot and dry matter mass of root (S/Rdm), the quotient obtained may indicate quality seedlings, ranging from one to three to obtain quality seedlings. Results higher than three for S/Rdm were observed in the indoor environment with monofilament cloth (E3) associated with substrates containing cassava branches (S4, S10, S11 and S12), and in the environment with straw (E5) associated with substrates S2, S4, S5, S6, S9, S11, S13, S14 e S15 (Table 8) , which were all composed by humus, except S9 and S11.
According to PEREIRA et al. (2010) , the formula proposed by Dickson (DQI) is an important variable for evaluation of seedlings, because it considers SDM, RDM, AP and SD variables in a single variable. According to the authors, these variables combined into a single variable (DQI) show a balanced equation of phytomass distribution and seedling growth. The higher the value of DQI the greater the seedling quality. COSTA et al. (2011b) verified that DQI worked as quality indicator for jatoba seedlings. Substrates S7, S9 and S15 containing manure and vermiculite produced seedlings with high DQI (Table 8) , showing high quality seedlings. Subtract composed by 75% humus and 25% vermiculite (S3), however, provided seedlings with lower DQI within all environments.
Seedling from E2 environment showed the highest values of DQI, when compared to other environments (Table 8) . It indicates that high quality soursop seedlings can present DQI values of 0.30.
CONCLUSIONS
Greenhouse covered with LDPE, with thermo-reflective cloth 50% shading on the film provided seedlings with greater biomasses.
Substrates containing manure are the most suitable for soursop seedlings.
High percentages of earthworm humus produce low quality soursop seedlings.
Soursop seedlings have Dickson's quality index around 0.335.
Greenhouse covered only with low-density polyethylene film did not produce high quality seedlings.
